We reveal that for the single Anderson impurity localized between non-magnetic leads of the tunneling contact "magnetic" state can be distinguished from the "paramagnetic" one only by the analysis of the non-stationary system characteristics or the behavior of the second order correlation functions for the localized electrons occupation numbers. We investigate the response of the system to the sudden shift of the applied bias and to the switching "on" the coupling to the second lead of the tunneling contact. We demonstrate that in addition to the changes of the relaxation regimes and typical relaxation time scales, non-stationary spin-polarized currents flowing in the both leads are present in the system. Spin polarization and direction of the non-stationary currents in each lead can be simultaneously inverted by the sudden changing of the applied bias voltage.
I. INTRODUCTION
Physics of spin-polarized electron transport in semiconductor nanostructures is among the most rapidly developing topics now a days 1 . Significant progress has been achieved in experimental and theoretical investigation of spin-polarized stationary transport in magnetic tunneling junctions 2 , 3 , 4 , 5 , 6 . Different magnetic materials, such as ferromagnetic metals 7 or diluted magnetic semiconductors 8 have been applied as a spin injection sources and drains. Nevertheless spin-polarized current sources, that use nonmagnetic materials are attractable as they enable to avoid the presence of accidental magnetic field that may cause undesirable effects on the spin currents. It was demonstrated recently, that electron tunneling could be spin dependent even in the case of nonmagnetic leads 9 , 10 . Moreover, spin-filter devices, which can generate a spin-polarized current without using magnetic properties of materials were proposed in 11 , 12 . To the best of our knowledge stationary spin-polarized currents are usually under investigation. However, creation, diagnostics and controlled manipulation of charge and spin states of the impurity atoms or quantum dots (QDs), applicable for ultra small size electronic devices design requires careful analysis of non-stationary effects and transient processes 13 23 . In this paper we analyze non-stationary spin polarized currents through the single-impurity state localized in the tunnel junction in the presence of Coulomb correlations and applied bias voltage. We demonstrate that "magnetic" state can be distinguished from the "paramagnetic" one only by analyzing time evolution of opposite spin electron occupation numbers. We reveal that non-stationary spin-polarized currents can flow in the both leads and their direction and polarization depend on the value of applied bias. Moreover, nonstationary spin-polarized currents simultaneously change their polarization and sign with the applied bias voltage variations.
II. THEORETICAL MODEL
We consider non-stationary processes in the system of single-level impurity placed between two non-magnetic electronic reservoirs (tunneling junction) with Coulomb correlations of localized electrons. The Hamiltonian of the systemĤ
is written as a sum of the single-level Anderson impurity Hamiltonian
non-magnetic electronic reservoirs Hamiltonian
and the tunneling part
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Here index k(p) labels continuous spectrum states in the leads, t k(p) is the tunneling transfer amplitude between continuous spectrum states and localized state with the energy ε 1 which is considered to be independent on the momentum and spin. Operatorsĉ
are the creation/annihilation operators for the electrons in the continuous spectrum states k(p).n 1σ(−σ) = c + 1σ(−σ)ĉ 1σ(−σ) -localized state electron occupation numbers, where operatorĉ 1σ(−σ) destroys electron with the spin σ(−σ) on the energy level ε 1 . U is the on-site Coulomb repulsion for the double occupation of the localized state. Our analysis deals with the low temperature regime when the Fermi level is well defined and the temperature is much lower than all the typical energy scales in the system. Consequently the distribution function of the electrons in the leads (band electrons) is close to the Fermi step.
III. NON-STATIONARY ELECTRONIC TRANSPORT: FORMALISM AND RESULTS
Let us further consider = 1 and e = 1 elsewhere, so the motion equations for the electron operators productŝ c
i ∂ĉ
and i ∂ĉ
wheren k =ĉ + kσĉ kσ is an occupation operator for the electrons in the reservoir.
Equations of motion for the electron operators productsĉ + 1σĉ pσ andĉ + p σĉ pσ can be obtained from Eq. (6) and Eq. (7) correspondingly by the indexes substitution k ↔ p and k ↔ p .
One can easily obtain:
Similar expressions for the productsĉ
and so on can be obtained from expression (9) by the indexes changing k ↔ p,k ↔ p and so on. Substituting (9) in Eq. (6) we get i ∂ĉ
where 
and
If condition ε1−ε F Γ >> 1 is fulfilled,n 1−σ is a slowly varying quantity in comparison with theĉ
Consequently, it is reasonable to consider that:
So, the terms (
[using the procedure similar to the one which was used to obtain Eq. (9) from Eq. (7)] and then for theĉ
to Eq. (5) we obtain equations, which determine time evolution of the electron occupation numbersn 1σ . It is necessary to note, that the last term in Eq. (10) after summation over the index k(p) doesn't contribute to the non-stationary equations for the electron occupation numbersn 1σ . So, time evolution of the electron occupation numbers operators in the situation when the second lead and the non-zero bias voltage are present can be analyzed by means of the system of equations:
In Eq. (16) parameter Γ is replaced by the effective parameter Γ Γ, because after applying approximation (13) to Eq. (12) the omitted terms are of the order of Γ. We can obtain equations for the occupation numbers of localized electrons n 1±σ by averaging Eqs. (14)- (16) for the operators and by decoupling electrons occupation numbers in the reservoir. Such decoupling procedure is reasonable if one considers that electrons in the macroscopic reservoir are in the thermal equilibrium. After decoupling one has to replace electron occupation numbers operators in the reservoirn If one is interested in the situation when the second lead and non-zero bias voltage are switched "on" at the time moment t = t 0 > 0, Eqs. (14) can be easily generalized:
where Γ = Γ k for t < t 0 and Γ = Γ k + Γ p for t > t 0 . Solution can be easily obtained by the numerical simulations of the system of equations. Time dependent dynamics of the electron occupation numbers and their correlation functions can be analyzed for the different initial conditions: 1) the non-zero localized magnetic moment exists on the impurity (|n 1σ − n 1−σ | ∼ 1). Such state can be prepared due to the applied external magnetic field µB >> ε 1 , which is switched "off" at the initial time moment t = 0; 2) the initial state close to the highly occupied paramagnetic one (|1 − n 1±σ | << 1) can be prepared by the applied bias voltage |eV | > ε 1 + U switching "off" or "on" at the initial time moment t = 0; 3) the initial state close to the low occupied paramagnetic one (|n 1±σ | << 1) can be prepared by the applied bias voltage |eV | < ε 1 switching "off" or "on" at the initial time moment t = 0. It will be shown that relaxation time scale strongly depends on the properties of the initially prepared state.
If one is interested in system time evolution for the time scales t >> 1 ε1 , fast oscillating terms, which contain time dependent exponents can be neglected and functions N k(p)ε , N k(p)ε+U [see Eq.(16)] become independent from t. So, the localized electrons occupation numbers n 1σ (t), n 1−σ (t) can be easily found for the arbitrary initial conditions:
For 0 < t < t 0
where n 1±σ (0) are the initial conditions. For t > t 0
Eigenvalues λ 1,2 and λ T 1,2 have the following form:
n 1±σ (t 0 ) is determined by expressions (18) for t = t 0 . Relaxation rates behavior as a function of applied bias for the large absolute values of the applied bias
For the infinitely large times t → ∞ the stationary state is always "paramagnetic" one and electron occupation numbers are:
The behavior of localized state electron occupation numbers for the different initial conditions and the set of system parameters in the case, when the second lead is switched on at the time moment t = t 0 > 0 is depicted in the Fig.(2) . Obtained results demonstrate, that switching "on" of the second lead with the non-zero applied bias results in the increasing of the relaxation rate and consequently destroys the long-living "magnetic" moment.
IV. NON-STATIONARY SPIN-POLARIZED CURRENTS: FORMALISM AND RESULTS
If the initial state is a "magnetic" one, non-stationary spin-polarized currents I k(p) (t) ± flow in the each lead:
where electron occupation numbers n 1±σ are determined from the system of equations (14) with the magnetic initial conditions. Non-stationary spin-polarized currents can flow in the both leads and their direction and polarization depend on the value of applied bias. Non-stationary spin-polarized currents I k(p) (t) ± for the initially prepared "magnetic" state for the different constant values of applied bias are depicted in Fig.(3)-Fig.(4) . Schemes of the spinpolarized currents directions are shown in Fig.(5) . For the large negative values of applied bias voltage (see Fig.3a and Fig.5a ) non-stationary spin-polarized currents I + p (t) and I − p (t) are flowing in the same direction in the tunneling contact lead with the Fermi level shifted by the applied bias voltage (lead p). In this case strong spin polarization of the total current occurs at the initial stage of relaxation as the amplitude of current I + p (t) strongly exceeds the amplitude of current I − p (t). Non-stationary spin-polarized currents I + k (t) and I − k (t) in the lead with E F = 0 are also flowing in the same direction, but the difference between currents amplitudes is small (see Fig.3b and Fig.5a ).
For the positive values of applied bias voltage (see Fig.4 and Fig.5b ) direction of the non-stationary spin-polarized currents changes to the opposite one in comparison with the case, when large negative bias was applied to the tunneling contact [see Fig.5a ]. One can easily distinguish the presence of non-stationary spin-polarized currents I + p (t) and I − p (t) again flowing in the same direction in the tunneling contact lead with the Fermi level shifted by the applied bias voltage (lead p) (see Fig.4a and Fig.5b) . Non-stationary spin-polarized currents I + k (t) and I − k (t) in the lead with E F = 0 are also flowing in the same direction, but the difference between currents amplitudes is quite small (see Fig.4b and Fig.5b ). Fig. (3) -(4) demonstrate equal amplitudes of non-stationary spin-polarized currents in the stationary state.
For typical Γ ∼ 1 ÷ 10 meV and |ε| ∼ 50 meV 24 , 25 , corresponding to the situation depicted in Fig.3, Fig.4 the non-stationary spin-polarized current value is about 1 ÷ 10 nA (1nA 6 × 10 9 e/sec).
We revealed, that spin polarization and direction of the non-stationary currents in each lead can be simultaneously inverted by the sudden changing of the applied bias voltage (see Fig.6 and Fig.7) . Fig.6a demonstrates that initially spin-polarized non-stationary current with the dominant I + p (t) component changes direction and polarization (component I − p (t) starts to prevail), when the applied bias changes the value from the large negative to the large positive one (system energy scheme changes from the one shown in Fig.5a to the one demonstrated in Fig.5b ). Tunneling current in the another contact lead also changes polarization and direction (see Fig.6b ), but the difference between the components with different spins is not so well pronounced.
Opposite situation is depicted in Fig.7 . In this case applied bias sign changing leads to the situation when initially spin-polarized non-stationary current with the dominant component I larization to the opposite one and component I + p (t) becomes the leading one (see Fig.6a ) (system energy scheme changes from the one shown in Fig.5b to the one demonstrated in Fig.5a ).
Corresponding electron occupation numbers behavior is shown in Fig.8 . Electron occupation numbers reveal non-monotonic behavior.
V. STATIONARY CORRELATION FUNCTIONS: FORMALISM AND RESULTS
The behavior of the local "magnetic" moments can be also analyzed from the time dependence of the stationary correlation functions for the electron occupation num- 
Correlation functions K σσ (τ = t − t ) satisfy the system of equations:
Initial conditions are determined as:
Time evolution of the correlation functions can be obtained from Eq. (25): 
The behavior of the stationary correlation functions for the localized electrons occupation numbers with the different spin orientation is depicted in Fig.9 . It is clearly evident, that for the deep energy levels correlation functions time evolution is much slower, than for the states with the shallow energy levels.
For τ → ∞ correlation functions turn to the product of the decoupled electronic occupation numbers mean values: the "magnetic" correlations are still present in the system.
VI. CONCLUSION
We analyzed time evolution of the opposite spin electron occupation for the single-localized state with the Coulomb interaction coupled to two reservoirs in the presence of applied bias voltage. We revealed that in the presence of the second reservoir with non-zero applied bias, "magnetic" state can be distinguished from the "paramagnetic" one by analyzing time evolution of the electron occupation numbers. Typical time scales strongly depend on the value of applied bias and initial conditions.
We revealed that non-stationary spin-polarized currents can flow in the both leads and their direction and polarization depend on the value of applied bias. We revealed, that spin polarization and the direction of the non-stationary currents in each lead can be simultaneously inverted by the sudden changing of the applied bias voltage. But in the stationary state occupation numbers for the electrons with the opposite spins have the same values. Spin polarized tunneling currents in each lead also become equal.
We also investigated the changes of the time evolution regimes when the second lead is switched on at the particular time moment. We found out that switching on of the second lead with the non-zero applied bias destroys long-living "magnetic" moment.
This work was supported by RFBR grant 16 − 32 − 60024 mol − a − dk and by RFBR grant 14 − 02 − 00434.
